S ex workers are a key population at high risk for human immunodeficiency virus (HIV) and sexually transmitted infections (STI). 1 Sex work, the exchange of sex for money, goods, housing, or other services, presents health hazards to those who work in the industry, including a heightened risk of disease exposure, both from sexual-and drug use-related risk behaviors. 2 A number of structural, environmental, social, and individual factors mediate this risk and contribute to an increased HIV prevalence in this population, with both shared and differing impacts between cisgender and transgender women. 3 A cisgender woman is someone whose natal sex is female and who identifies as a woman. A transgender woman, however, is someone who identifies psychologically as a woman, but was assigned male sex at birth. 4 Although the terms "female sex worker" or "FSW," which refer to the biological female sex, are commonly used to refer to cisgender women involved in sex work, we use the term cisgender women to recognize the preferred gender identity of this group in parity with the recognition of the gender identity of transgender women.
Though disease levels vary widely by geography, global HIV prevalence among cisgender women sex workers (CWSW) in low-and middle-income countries has been estimated to be 11.8% (95% confidence interval [CI], 11.6-12.0). 1 For transgender women, regardless of sex work involvement, HIV prevalence is estimated at 19.1% (95% CI 17.4-20.7)-among the highest HIV burden of any key population. 5 The estimated global HIV prevalence among transgender women sex workers (TWSW) has been estimated to be even greater, at 27.3%. 2, 5, 6 In Southeast Asia, HIV prevalence is high in CWSW, including in Cambodia (23.0%) 7 and Thailand (20.2%). 8 Although there are no studies from the region specific to TWSW, HIV prevalence in transgender women is 18.0% in Vietnam 9 and 24.4% in Indonesia. 10 In Malaysia, however, little attention has been directed at assessing the HIV burden among CWSW and TWSW. In 2014, Malaysia reported a national adult HIV prevalence of 0.4% (adults aged 15-49 years). 11 Since HIV was first detected here in 1986, Malaysia's HIV epidemic has been driven primarily by people who inject drugs, but harm reduction programs have reduced HIV incidence among this population, 12, 13 while incident cases due to sexual transmission have continued to increase. 11 As of 2014, 78% of all new HIV diagnoses in Malaysia were attributed to sexual transmission, 11 yet little is known about HIV among sex workers. Ministry of Health surveillance data (2014) found an HIV prevalence of 7.3% in CWSWand 5.6% in all transgender women, however, data were not specific to TWSW. 11 Sexually transmitted infection surveillance data have not been reported in either of these populations.
The HIV prevention efforts among sex workers in Malaysia are complicated by laws prohibiting sex work, resulting in a largely hidden population. Sex workers are often the target of unlawful arrest and detention, physical and sexual violence, and discrimination, which undermine public health interventions. 14 Transgender women face additional burdens, with frequent detention and prosecution under Malaysia's Islamic legal code for engaging in so-called cross-dressing-the wearing of stereotypically women's clothing in public-a practice which remains illegal under Malaysian Syariah law. 15 This article reports findings from a respondent-driven sampling (RDS) study of CWSW and TWSW in Greater Kuala Lumpur, Malaysia. These findings represent the first HIV and STI prevalence estimates to appear in the peer-reviewed literature and provide the most reliable estimates of disease burden among this underserved, highly vulnerable population. These findings may inform important directions for HIV prevention interventions among CWSW and TWSW.
METHODS

Site Selection
From February 2014 through December 2014, we recruited 492 sex workers, including CWSW (n = 299) and TWSW (n = 193), via RDS to complete structured surveys and HIV and STI testing. Participants were recruited from 3 interview sites around Greater Kuala Lumpur, the geographic region including Kuala Lumpur and surrounding suburbs. Before the study, we conducted formative interviews with community-based organizations serving the sex worker community and with TWSW and CWSW themselves to inform selection of the interview sites. Site selection prioritized locations where sex workers engaged in their trade, including soliciting clients, density of sex work activity, proximity to public transportation, and acceptability of the interview site (e.g., location, safety, privacy). The 3 selected locations were: (1) Downtown Kuala Lumpur (a central, urban area); (2) Petaling Jaya (a densely populated peri-urban area 20 km west of Kuala Lumpur; and 3) Klang (a port region 40 km west of Kuala Lumpur).
Participants and Sampling
We recruited participants using RDS, a chain referral method with demonstrated success in recruiting hard-to-reach populations. 16 During our formative work, initial RDS participants, called "seeds," were carefully selected with assistance from community-based organizations serving sex workers. Each seed was selected based on her representativeness of the target population and her large network size. We recruited 28 seeds across the 3 interview sites (N Kuala Lumpur = 12; N Klang = 5; N Petaling Jaya = 11), among whom 10 were CWSW and 18 were TWSW. Each enrolled seed participant received 3 recruitment "coupons" to give to peers in her network who might be interested in participating in the study. Each seed participant could recruit a maximum of 3 peers. Recruited peer participants were also provided 3 coupons each to recruit her peers, thus creating multiple waves of recruitment. Recruitment at each site occurred independent from the other sites (e.g., Kuala Lumpur seeds and peers could only recruit to the Kuala Lumpur site). As such, all coupons were site-specific. Coupons were valid for a maximum of 2 weeks after being issued. Participants received 50 Malaysian Ringgit (MYR) (US $17) for study participation and an additional MYR 20 (US $7) for each of up to 3 peers they recruited into the study. In total, 507 individuals presented for eligibility screening, 504 underwent eligibility screening, 494 were identified as eligible, and 492 enrolled in the study. A total of 1236 coupons were distributed during the study, with 476 coupons being returned, of which 464 resulted in an enrolled recruit. Primary reasons for non-participation include not meeting eligibility criteria, refusal to undergo HIV or STI testing, unable to provide informed consent, and not having a recruitment coupon.
RDS studies require larger sample sizes than simple random sampling because of dependence in the sample. 17, 18 The number of times larger an RDS sample must be to estimate prevalence with the same precision as a simple random sample is referred to as the "design effect." Design effects from RDS studies vary greatly; however, in sex work studies, design effects around 3 are commonly used. 19 Using a design effect of 3 and a prevalence estimate of 20% (based on literature review), we calculated that we would need 534 participants to estimate prevalence with a standard error of 0.03.
Eligibility
Inclusion criteria were: 1) identification as a cisgender woman or transgender woman; 2) report of having exchanged sex for money, goods, or services within the past 90 days; 3) 18 years of age or older; 4) able to speak Bahasa Malaysia, Tamil, or English; 5) able to provide informed consent; and 5) identified as a "seed" participant or recruited by a seed and presented a valid recruitment coupon. Transgender men (female-to-male) were not included.
Coupon management software was used to track distributed and redeemed coupons during the study and a standard numbering system was used to track recruiter-recruit relationship. Participants who presented with a valid coupon underwent an initial eligibility screening during which they reported their gender identity, primary language, birth year, and last date of sex work. If eligible, participants were asked the first 2 letters of their mother's name, which was used to generate a semiunique code comprised of their gender identity, mother's name, and birth year. This code was used to protect against repeat enrollment. Additionally, study staff, including 2 research assistants and 1 clinical coordinator, remained unchanged for the duration of the study, which allowed them to easily identify potential repeat enrollments.
Survey Procedures
Each participant completed an in-depth survey in a private room. The survey was administered by a research assistant on a laptop computer using the online survey program, Qualtrics (Qualtrics Inc., Provo, Utah), and required 30 to 60 minutes to complete. Both research assistants had experience working with the sex work community in Malaysia.
Survey Measures
Survey content included information on demographics, sex work involvement, income, harm reduction behaviors, criminal 
Clinical Screening Procedures
The HIV testing procedures followed World Health Organization guidelines. 20 All participants received a rapid 4th generation HIV-1/2 test by whole-blood fingerstick (Alere Determine HIV-1/2 Ag/Ab Combo; Alere, Waltham, MA). Participants with a reactive first HIV test underwent a second rapid HIV-1/2 whole-blood fingerstick test (ACON HIV Ultra Rapid Test Device; ACON Laboratories Inc., San Diego, CA). All reactive tests in step 1 were Ab+; no reactive Ag was detected. Participants with 2 reactive HIV tests were considered HIV-infected. No discordant results were observed. Venous blood was used for syphilis screening using the Rapid Plasma Reagin (RPR; BD Macro-Vue RPR Card Antigen Suspension; Becton, Dickinson and Company, Sparks, MD) and confirmed with the Treponema pallidum Passive Particle-Agglutination Test (TPPA; Serodia-TPPA; Fujirebio, Inc., Tokyo, Japan). Participants with a reactive RPR and TPPA were classified as positive for syphilis serology. 21 We further report those with an RPR titer ≥1:8, which has been shown to be associated with untreated syphilis. 22, 23 For 8 participants, severe vascular scarring prevented venipuncture for sample collection so a rapid finger-stick test for detection of Treponema pallidum antibody (Alere Determine Syphilis TP, Alere, Waltham, MA) was used. Transgender women provided 15 mL first-catch urine and cisgender women provided self-collected vaginal swab for C. trachomatis and N. gonorrhoeae nucleic acid amplification tests (NAAT). Rectal swabs were not collected due to the difficulty in self-collection in the field and the lack of validation of the COBAS CT/NG sample collection kits for obtaining these samples. Vaginal swabs were immediately placed in the transport media tube. Urine and vaginal swab samples were tested for C. trachomatis and N. gonorrhoeae using PCR (COBAS AMPLICOR CT/NG Test, Roche Molecular Systems Inc., Pleasanton, CA). All specimens for syphilis, C. trachomatis, and N. gonorrhoeae were stored per manufacturer protocol and transported to the University of Malaya Medical Centre's virology and microbiology laboratory in Kuala Lumpur for analysis.
Pretest and posttest HIV counseling was provided. Participants with 2 reactive HIV tests received additional counseling and information on community-based HIV clinicians who were sensitive to the healthcare needs of sex workers and transgender women and were willing to accept referrals. A medical referral letter was provided describing the 2 reactive HIV test results and requesting laboratory confirmation tests. Participants were instructed to return to their interview location 2 weeks after specimen collection to receive results of their syphilis, C. trachomatis, and N. gonorrhoeae tests. Participants who were unable to return to the study site could contact the study coordinator to arrange an alternative location to receive their results. Participants with reactive syphilis, C. trachomatis, or N. gonorrhoeae results were provided a medical referral letter and information on community-based clinics for treatment. All participants were offered condoms and information on harm reduction and community health resources.
Ethics
All participants provided written informed consent before enrollment. The study was approved by the Institutional Review Boards of Yale University and the University of Malaya.
Analysis
Data were analyzed using IBM SPSS Statistics (version 23) and R. 24 We present sample characteristics stratified by gender identity and interview site. Bivariate analyses between CWSW and TWSW were conducted using independent samples t tests for continuous variables and χ 2 tests for categorical variables. For HIV, syphilis, C. trachomatis, and N. gonorrhoeae results, we present traditional RDS estimates adjusted for social network size alongside sample means. 25 Confidence intervals around the RDS-adjusted estimates were estimated using Salganik's bootstrap, and those around the sample mean were estimated using a conventional nonparametric bootstrap. Point and uncertainty estimates were implemented using the RDS package in R.
26 Given well-documented problems with the validity of commonly used RDS estimation strategies, we focus our discussion on sample means rather than these adjusted estimates. 16, 18, 27, 28 Similarly, all bivariate analyses are reported using unweighted data. Missing data were excluded from analyses. Seed participants were included in both unadjusted and RDS-adjusted analyses.
RESULTS
Sample characteristics are reported in Table 1 . A total of 492 cisgender women (n = 299; 60.8%) and transgender women (n = 193; 39.2%) sex workers were enrolled from 3 sites: Kuala Lumpur (n = 270, 54.9%); Klang (n = 157, 31.9%); and Petaling Jaya (n = 65, 13.2%).
HIV and STI Prevalence
HIV and STI pooled prevalence results and RDS estimates are presented in Table 2 . Pooled HIV prevalence for the total sample was 11.7% (n = 57/489; 95% CI, 8.8-14.5), with no significant difference between CWSW (11.1%; 95% CI, 7.6-14.7) and TWSW (12.4%; 95% CI, 7.8-17.1, p > 0.05, ns). Among all participants, 4.7% (n = 23) had previously been diagnosed with HIV before study enrollment (Table 3 ). Figure 1 shows HIV and STI prevalence by interview site. Kuala Lumpur had the highest HIV prevalence (15.3%; 95% CI, 11.0-19.6), followed by Petaling Jaya (7.7%; 95% CI, 1.0-14.3) and Klang (7.1%; 95% CI, 3.0-11.1). Overall syphilis prevalence was 25.5% (95% CI, 21.6-29.5) and did not differ between CWSW (23.7%; 95% CI, 18.6-28.7) and TWSW (28.3%; 95% CI, 21.8-34.9, p > 0.05). Nine participants who met criteria for positive syphilis serology reported a previous syphilis diagnosis, all but one of whom received treatment for their prior diagnosis. Additionally, 53.0% (63/119) of participants who met criteria for syphilis, or 13.5% of the entire sample, had a RPR titer of 1:8 or higher. Participants tested at the Kuala Lumpur site had the highest prevalence of syphilis (33.9%; 95% CI, 28.0-39.8), followed by Klang (19.3%; 95% CI, 12.9-25.7) and Petaling Jaya (7.7%; 95% CI, 1.0-14.3). Total prevalence for C. trachomatis was 14.8% (95% CI, 11.6-18.0) and N. gonorrhoeae was 5.8% (95% CI, 3.7-7.9). Cisgender women sex worker had higher overall prevalence of C. trachomatis (22.5%; 95% CI, 17.7-27.3; p < 0.001) and N. gonorrhoeae (8.9%, 95% CI, 5.6-12.1, p < 0.001) compared with TWSW (Fig. 2) .
Lifetime HIV and STI Testing History
Previous HIV and STI testing is reported in Table 3 . Over one third (37.6%) of participants had never been HIV tested. TWSW were significantly more likely to have been previously HIV tested than CWSW (74.6% vs 54.5%, p < 0.001). Among those who had previously been HIV tested, mean time since last HIV test was 31.5 months (SD = 35.5) and only 19.5% had been tested in the last 12 months. HIV testing within the last year was equally low for both CWSW (18.4%) and TWSW (21.1%, p = 0.436, ns). Previous lifetime STI testing was low for syphilis (14.6%), C. trachomatis (9.6%), and N. gonorrhoeae (10.6%), with no differences detected between CWSW and TWSW.
Characteristics of Sex Work Involvement
Characteristics of sex work involvement are reported in Table 1 . Age at first involvement in sex work was 25. 
DISCUSSION
To our knowledge, this is the first study to examine HIV and STI prevalence in CWSWs and TWSWs in Malaysia. Our results indicate CWSW and TWSW together face an HIV burden 29-fold higher than the 0.4% prevalence of Malaysia's general adult population. 11 Our pooled HIV prevalence of 11.1% for CWSW is one-third higher than the Ministry of Health's 2014 estimate of 7.3% for female sex workers, which falls outside the lower-bound CI of our pooled HIV estimate for CWSW (95% CI, 7.6-14.7). For TWSW, HIV prevalence was 12.4% -2-fold higher than the 5.6% reported by the Ministry of Health for transgender women. Although Malaysia did not disaggregate sex workers in their sample, 86% of transgender women in their sample reported active sex work involvement. 11 The disparity between our data and surveillance reports may highlight the importance of utilizing network-based sampling strategies, like RDS, for identifying hidden, high-risk individuals who may otherwise go undetected by public health efforts targeting HIV and STI testing and treatment.
High HIV prevalence observed among both CWSW and TWSW indicates a need for novel interventions to reduce new infections. Preexposure prophylaxis (PrEP) for HIV prevention is a highly effective biomedical intervention that has been demonstrated to greatly lower HIV transmission among men who have sex with men and serodiscordant partners. A recent unplanned subanalysis of data from the iPrEx study suggests that PrEP may be highly effective among transgender women. 30 Future research is needed to demonstrate feasibility, acceptability, and efficacy of PrEP for sex workers.
Regarding STI, 28.3% of TWSW and 23.7% of CWSW met criteria for syphilis. High prevalence of C. trachomatis (22.5%) and N. gonorrhoeae (8.9%) were also observed among CWSW. Unfortunately, the low prevalence of C. trachomatis and N. gonorrhoeae observed among TWSW is likely because we relied solely on urine testing for TWSW. The high STI burden, especially syphilis, underscores the need for rapid intervention for both individual morbidity and the high potential for onward transmission to clients and other sex partners. Although not presented here, future planned analyses of this data will explore correlates of STI transmission.
Of additional concern is the extraordinarily low prior HIV and STI testing. Although nearly two thirds (62.4%) reported lifetime HIV testing, only one fifth (19.4%) had been tested in the past year. Coupled with low levels of STI testing, these findings indicate a need for expanded HIV and STI integrated screening efforts. Routine HIV and STI screening among sex workers is a World Health Organization recommended practice aimed at identifying acute and asymptomatic infections to prevent transmission and improve linkage to care. 31 Sexual transmission of HIVand STI varies based on type of sexual activity, with unprotected receptive anal sex posing a higher risk than insertive or receptive penile-vaginal sex. 32 Although we did not collect data on the sex of participants' clients, we report sexual behaviors in Table 1 and see that many TWSW engage in both receptive and insertive anal sex and CWSW report mostly receptive vaginal sex, though some did engage in receptive anal sex, as well. Twenty-one TWSW participants had also undergone vaginoplasty, 20 of whom reported engaging in receptive vaginal sex. Literature on HIV and STI risk associated with various sexual behaviors is limited, particularly for transgender women with a neovagina, and future work should explore this area. 33 Inconsistent condom use during sex work was also identified in this sample. Transgender women sex workers reported not using condoms 11% of the time, on average, whereas CWSWs reported not using condoms nearly a quarter of the time on average (24.6%). The validity of self-reported condom use measures is concerning, because multiple studies have detected prostatespecific antigen in cisgender women (a marker for unprotected intercourse) who reported only protected sex or abstinence in the detection period. 34 Given this documented social desirability toward condom use, our findings are likely an underestimate of inconsistent condom use but nonetheless demonstrate the need for improved harm reduction measures for sex workers.
Compounding the concern of inconsistent condom use is the issue of drug use, particularly during sex work. Fifty-seven percent of drug use among CWSW and 77% of substance use among TWSW was during sex work, demonstrating that drug use was largely tied to involvement in sex work. As drug use can increase risk taking behaviors, occupationally-driven drug use should be addressed as part of HIV and STI prevention efforts.
The Greater Kuala Lumpur area represents a large, densely populated region of Malaysia. We sought to capture the diversity of sex work across this area by recruiting participants from varying geographic areas: urban (Kuala Lumpur), suburban (Petaling Jaya), and port (Klang). We include our HIV and STI outcomes disaggregated by study location to highlight the geographic variance in prevalence. Recruitment occurred independently at the 3 study sites, with distinct coupons for each site, and as these sites are a considerable distance from each other, it is unlikely that social networks between participants from each site significantly overlapped. However, it is important to note that these locations are neither isolated nor stagnant because mobility is common: sex workers may work in multiple locations, though most frequently working near to where they live, and customers may solicit sex work across the region, potentially transmitting infections between different geographic locations.
Limitations
Our study has several important limitations. Few sex workers of Chinese ethnicity were recruited despite a substantial proportion of Malaysia's population identifying as ethnic Chinese, particularly in Kuala Lumpur. It is common for ethnically Chinese Malaysians to speak Malay and/or English; however, it is plausible that our lack of a dedicated Chinese-language recruitment effort may have limited our ability to recruit persons of Chinese ethnicity.
Recruitment of CWSW and TWSW in Kuala Lumpur and Klang occurred steadily for both genders and included intersecting networks. In Petaling Jaya, however, recruitment of CWSW was slow and challenging, despite establishing multiple cisgender seeds. This may be attributed to a higher degree of separation between CWSW, who are largely venue-based (e.g., brothel or bar) in this area, and TWSW, who are mainly street-based. Furthermore, several high-profile police raids targeting sex workers in Malaysia occurred during the time of the study and several participants at the Petaling Jaya site suspected that our study might be an undercover police operation. Given this, the Petaling Jaya CWSW results should be interpreted with caution.
Screening for N. gonorrhoeae and C. trachomatis in TWSW was assessed using only urine samples, which detect urethral infections but not rectal or pharyngeal infections. Although many TWSW reported insertive anal sex, the prevalences reported for N. gonorrhoeae and C. trachomatis are likely underestimated.
RDS studies run the risk of recruiting "imposter" participants who may not be from the population of interest or repeat recruits who have already participated, especially when eligibility is based on self-reported information. Participants in this study were asked to confirm with each staff member to confirm their last date of sex work. As previously stated, our study staff did not change for the duration of the study and, as such, we did not encounter any participants attempting to "repeat" their participation at other sites. Semi-unique codes were also generated, which had very limited overlap in codes and those that do overlap report different demographic variables. While there is potential for "imposter" participants, the aforementioned measures attempted to minimize this risk.
CONCLUSIONS
This study documents high burden of HIV and STI among CWSW and TWSW in Greater Kuala Lumpur and describes these concerns in geographic and gender subgroups. High rates of inconsistent condom use and drug use during sex work, as well as low rates of regular HIV and STI screening, amplify HIV and STI concerns. We recommend a 2-pronged approach to addressing these concerns, including enhanced efforts to detect and treat active infections and a bolstering of harm reduction efforts through education, increased access to condom use, and access to PrEP for HIV prevention.
